Introduction
The first salivary gland chromosome maps of Drosophila virilis were published by Hughes (1936) and myself (Fujii 1936 ) nearly simultane ously.
Later, Hughes (1939) revised his maps in his report on the analysis of the hybrid between D. virilis vhiilis and D . virilis americana. More recently, Patterson, Stone and Griffen (1940) have completed more detailed maps of the chromosomes of wild stock of D. virilis virilis from Henly, Texas. Descriptions of the chromosomal aberrations used in the present study
The following chromosomal aberrations have so far been reportedd in D. virilis. Chino and Kikkawa (1933) , in their paper on the cytological demonstration of crossing over in this species, used two strains of chro mosomal aberrations, namely, an attached third and fifth chromosome strain and a translocation strain involving the first and the fifth chromo somes. Kikkawa (1933a) worked on the viability and fertility of some hypo and hyperploid flies produced in the translocation strain involving the third and fourth chromosomes. Chino (1936) discovered a spontane ous inversion in the fifth chromosome, and estimated the degree of reduc tion of crossing over by this inversion existing in the heterozygous state. Komai and Takaku (1938 , 1940a , 1940b obtained two independent inver sions in the X-chromosome and studied their effect upon crossing over and disjunction. Besides, some other strains of chromosomal aberrations had been secured and preserved in our laboratory. All these strains were used for the present study. Patterson, Stone and Griffen's descriptive method has been followed. For example, a translocation in which the third chromosome is broken between III121 and III12I1 and the fourth chromosome between IVIOG and IV10H, is designated as "III12I; IV10H+IVI0G; III12I1", the semicolon indicating the point of reattach ment. Similarly, the inversion whose distal breakage is between V1G and V1G1, and proximal breakage between V22B and V22C, is described as "V1G1-V22B" The name of the discoverer of the strain is shown in the parenthesis. In 529 Y-Iltr. (Fujii) Y; II2H+II2G; Y (Fig. 1 ). This is a mutual translocation involv ing the Y and the second chromosomes, the latter carrying the dominant gene Barb. In the salivary-gland cell nuclei the distal part of the second chromosome is attached to the a-heterochromatin . In D. melanogaster it has been demonstrated that the Y chromosome undergoes synapsis with the inert region of the X-chromosome (Prokofyeva 1935 , 1937 , Tiniakof 1936 .
The same seems to be true in D. hydei also (Frolova 1936 306 Y-Mr. (Fujii) Y; II33J+II33I; Y (Fig. 3) .
The salivary gland nuclei of the fly from this strain shows that the second chromosome is anchored directly to the a-heterochromatin at two points, one at its proximal end and the other at some distance from the latter.
In the nerve cells of the male larvae heterozygous for this translocation, there are twelve chromosomes, including one short rod ( Fig. 3) . A male heterozygous for this transloca tion and also for bobbed, incomplete, broken and brick was mated to a female homozygous for these genes, and produced five kinds of exceptional offspring as shown in Table 1 . Occasionally hyperploid females appear as in the case of 529Y-Iltr.
( Fig. 6 ). Genetical studies on these hyperploids show that the second chromosome has a break between incomplete and broken.
40 III-IVtr.
III12I; IV10H+IV10G; III12I1 (Fig. 7) .
The third chromosome has a break between telescoped and red, and the fourth between Scutellar and Baroid.
The oogonial metaphase of the young adult fly heterozygous for this translocation (Fig. 7) is similar to that of the wild fly.
134 III-IVtr. (Kikkawa) III 12G; proximal end of IV?+IV7H; III12H (Fig. 8 ). This is a rather complicated translocation involving the third and the fourth chro mosomes, although in its genetical behaviour it is much similar to 40III -IVtr. In the salivary gland cell, the distal half of the third chromosome is attached to the proximal end of the fourth chromosome instead of its break point. This feature is clearly observable when the fourth chromo some is separated from the a-heterochromatin ( Fig. 9 metaphase plate of the female carry ing the translocation in the hetero zygous state, however, is indisting uishable from that of the wild-type female, although a J-shaped chromo some is expected from the feature of the salivary gland chromosome. This discrepancy between the oogo nial and the salivary chromosomes has not yet been elucidated.
III-IVtr. (Kikkawa)
Inert region of III; IV5C+IV5B; inert region of III ( Fig. 10) . In the salivary gland nucleus of the larva heterozygous for this translocation , th e proximal end of the third chromosome is attached to the fourth chro mosome at IV5C, and the whole composite chromosome has an appearance of a branched chromosome.
In the oogonial metaphase plate (Fig . 10) , however, there are twelve chromosomes, including a rod shorter than the normal.
This indicates that this translocation is also a mutual one (Fujii 1938) .
Hyperploid offspring are often obtained in the stock heterozygous for this translocation.
In the oogonial metaphase of such a female ( Fig .  11 ) there are thirteen chromosomes, including a short rod like that found in the female heterozygous for this translocation.
The genetical analysis of these hyperploid flies has revealed that the loci plexus and Scutellar are involved in the short rod-like chromosome.
This shows that the fourth chromosome has a break on the right side of Sc. Kikkawa's unpublished datum further shows that the locus of Minute IVa is also involved in this short chromosome.
III-Vtr. (Kikkawa)
III12H; V9H+V9G; III12H1 (Fig. 12 ). This is also a mutual trans location, in which the third chromosome has a break near telescoped and red, and the fourth between eosinoid and straw. Fig. 12 Inert region of III; V16A+V15G; inert region of III (Fig . 15 ). In the salivary gland nuclei the proximal end of the third chromosome is from the former mating have shown that they . are not hyperploid, but have apparently normal chromosomal sets as shown in Fig . 13 . No analysis of these exceptionals as to their chromosomal constitutions , how ever, has been accomplished. attached to V16A. In the oogonial meta phase plate there are twelve chromosomes, of which two are dis tinguishable from the rest by their abnor mal lengths, one being shorter and the other longer ( Fig. 15 ). Thus the strain has a chromosome configu ration similar to that of 83III-IVtr. Minute studies on this strain have revealed that the third chromosome has a break in the inert region and the fifth chromosome has one on the right side of es. 3500 IV-Vtr. (Chino) IV20H; V21B+ V21A; IV20I (Fig. 16 ). The fourth chromo some has a break between vein let and dachsous, while the fifth chromosome has one between eosinoid and peach. The oogonial metaphase plate of the female heterozygous for this translocation (Fig. 16) can not be dis tinguished from that of the wild fly.
C Va (Chino) V1G1-V22B (Fig. 17 ). This inversion has been analyzed genetically S. FUJII Cytologia to by the discoverer (1936) . He has found that the suppressing effect of the inversion on crossing over extends on the whole length of the fifth chromosome, but it is stronger in the region distal to straw, than on the more proximal region.
Cytological studies carried out by myself have shown that this inversion involves sw. locus.
This is a dominant mutant belonging to the second linkage group.
It reduces the crossing over of the genes located in its neighbourhood.
Chino has assumed that this peculiarity is due to the presence of an inversion. A careful study of the salivary chromosome of this strain has revealed a small inversion near the distal end of the chromosome.
This is a dominant mutant in the fourth linkage group and reduces the crossing over in its neighbourhood.
The salivary gland chromosome of this strain carries an inversion.
This is a dominant mutant in the fifth linkage group and reduces the crossing over in its neighbourhood, exactly like Br. and Ba. This is also due to a small inversion found in this chromosome.
The effect of the heterozygous translocations on crossing over
To find the effect of the various kinds of translocations mentioned above on crossing over, the females heterozygous for the translocations and also for the several genes in the chromosomes concerned, were mated to the males homozygous for the same genes.
The recombination values obtained are summarized in Table 2 , with the corresponding standard values according to Chino (1936 Chino ( -1937 . Since some crossing over remains in both the chromosomes concerned in all of these translocations, it is difficult to make out by genetical analysis the exact loci of the breakages.
So, for an accurate analysis, it is neces sary to suppress crossing over in one of the chromosomes by means of an inversion.
I have one such strain CVa, that suppresses almost entirely the crossing over in the fifth chromosome. By using this inversion, the three III-Vtr. and one IV-Vtr. strains have been analyzed very nearly to their break points.
The hyperploid individuals, which have the trans located chromosome in addition to the normal chromosome set, are also suitable for this purpose. Y-IItr., 83III-Vtr. and 202III-Vtr. have been analyzed by using such hyperploid flies. (1938, 1940a, 1940b) . It is worth notice that the active gene bobbed is located in the ƒÀ-heterochromatin.
The second chromosome genes have been located by means of the three different Y-II translocations and the Bar inversion.
In the genetical map the Bar locus is assigned to the region between incomplete and Barb, but the exact location is hardly possible, because of the nearly complete suppression of crosing over in the neighbouring region. Incomplete and Bar are located at the extreme distal end of the salivary chromosome, while their loci on the genetical chromosome map are assigned to 45.2 and near 64.5 (Puffed locus) respectively, namely, near the distal one third of the second chromosome.
This discrepancy in the locations of these genes between the genetical and salivary chromosome maps remains to be solved.
Of the third chromosome genes, telescoped and red can not be located accurately, because the break points of the three translocations used for the analysis (134,40III-Mr. and 183III-Vtr.) reduce the crossing over in the neighbouring regions so much as to allow no double to occur . The break points of both 83III-IVtr . and 126III-Vtr. which are in the (3-hetero chromatin, are put, for convenience' sake , at the distal end of the third chromosome. 
a-heterochromatin.
There is a great deal of controversy among the workers on the salivary gland chromosomes of D. melanogaster, as to the nature of the so-called chromocenter. Painter (1935) is of the opinion that it is an aggregate of accessory materials of all chromosomes. Muller and Prokofjeva (1935) hold that it has the same regular banding as the euchromatic parts of the chromosomes. Koller (1935) takes the view that it is only an undifferentiated magma.
Bauer (1936), lastly, main tains that the chromocenter is completely chromosomal and composed of heterochromomeres.
As far as my observations go, although no compact structure suggesting a chromocenter occurs in the salivary gland chromo somes of D. ananassae, D. montium or of D. melanogaster, in the chromo somes of D. virilis, a compact mass of small granules to be identified as the a-heterochromatin, is distinctly observable at the point to which all the roots of the salivary gland chromosomes assemble, as illustrated in Fig. 1 . The mass is variable in shape, and may be spherical, fusiform or linear.
All the chromosomes anchor on this body. Frolova (1936) who has studied the salivary gland chromosomes of D. funebris, D. hydei. D. replete, D. lugubrina and D. virilis, recognizes a distinct a-heterochro matin mass in all these species. The granular structure, according to her, is due to the gathering of all "Leitkorperchen" in the telophase of the last mitosis of the salivary gland nucleus. Tiniakov (1936) maintains that the chromocenter is no more than "chromatic ringlets" occurring at the inert proximal end of the chromosomes, which are liable to be torn off by the pressure of the cover slip in smear preparations. Patterson, Stone and Griffen (1940) take the view that each chromatid of the salivary gland chromosome has two centromeres at its proximal end, and these centromeres construct together the a-heterochromatin.
Heitz (1933) finds a similar body formed by fusion of inert materials in the resting nuclei of D. virilis and some other species, and calls it "Chromozentrum" . The a-heterochromatin of the salivary gland chro mosome, according to him, corresponds to the inert region of the mitotic chromosome. Makino, more recently (1940) , worked on the behaviour of the chromocenter during the mitosis of the oesophageal ganglion nucleus of the D. virilis larva, and found that the heterochromatic regions which occupy the proximal halves of the mitotic chromosomes fuse into a chro mocenter in the course of the change from telophase to prophase . In the three translocations involving the second and Y chromosomes (529, 664 and 306) mentioned above, the second chromosome is attached to the a-heterochromatin with its break point (Figs . 1, 3, 5) . The Y chromosome which carries no active gene, except the allele of bobbed and some genes relating to fertility, does not conjugate with the proximal inert region of the X chromosome, as mentioned in the previous section . Thus, it seems natural to conclude that the Y chromosome is involved in the a-heterochromatin, as is also the inert regions of all the other chromo somes. This view is fully supported by Heitz's and Makino's observations stated above. figure for D. virilis. For D. melanogaster, D. funebris and D. obscura, however, he maintains that the X chromosome is directly connected with the nucleolus.
A similar connection of the X-chromosome with the nucleolus is reported in D. pseudoobscura by Bauer (1936) and in D. melanogaster, D. funebris, D. immigrans and D. subobscura by Emmens (1937) .
Kaufman (1938) finds a nucleolus-forming region in the X chromosome in the salivary gland cell of D. melanogaster.
Thus, there is a distinct tendency that in the species having distinct compact a-hetero chromatin there is a thread or a bundle of threads uniting the nucleolus with the a-heterochromatin, whereas in the species having no a-hetero chromatin the nucleolus is directly connected with the X chromosome. Griffen and Stone's recent work (1940) shows an obvious centromere at the proximal end of the shorter arm of the fourth salivary gland chromosome of D. melanogaster.
They are of the opinion that the centro 450 S. FUJII Cytologia 12 meres fuse to form the a-heterochromatin in D. virilis, so in D. melano gaster they must make up the a-heterochromatin. If this is true, the X chromosome is united with the nucleolus invariably by the mediation of the a-heterochromatin, even if this is not verified by actual observa tion.
At any rate, the question as to whether the a-heterochromatin actually exists or not in the salivary gland chromosomes of D. melano gaster and some other species remains to be solved. In all of my 134III-IVtr., 183III-Vtr. and 40III-IVtr., the breaks on the third chromosome fall within a narrow section somewhere between III12G and III12J, although not exactly at the same point. Furthermore, both the CVa and Glued inversions have their breaks between V22B-C. I have also demonstrated by utilizing the abnormal staining capacity of the sixth chromosome of the New Orleans strain, that the exchange in this chromosome took place in the small section VI1G-V12A, in 12 out of the 13 cases examined.
This observation apparently gives a convincing evidence for the fact that crossing over has a tendency to occur at a definite point instead of being distributed uniformly on the chromosome. Mather (1936) is of the opinion that the scarcity of crossing over in the small fourth chromosome of D. melan-ogaster is due to the influence of the spindle fiber attachment which makes the first chiasma always form within a very limited section near the distal end. According to Charles (1938) , if the X chromosomes of D. melaoogaster cross over just once, the exchange occurs at approximately the middle of the chromosome. Mather's opinion can not explain my data in full, inasmuch as the chiasma should appear in any locus distal of VI1G, if the localized mechanism alone were to determine this. Nor does Charles' interpretation hold here, since exchange is restricted to that single locus, instead of being distributed about it. it is also possible that such a union is no more than a secondary association of the chromosomes which are originally independent from one an other.
A decisive solution of this question may be obtained by the observations of the sections of the salivary glands, which show that the distal ends of the chromosomes are separate, as shown in Fig. 19, thus (Osima 1940) , is curved and attached to the chromocenter with its both ends.
This, according to Bridges, is due to the presence of a heterochromatic region at the distal end as well as at the proximal end, of chromosome. Bauer (1936) , however, maintains that the association of the chromo somal ends has nothing to do with presence of the heterochromomere-like granules.
In his opinion, "this terminal attraction must be effective also in their proximal free ends. The potentially equal attraction of proximal and distal ends to each other can be seen in cases in which chromosomes are only distally united.... .. "The difference in amount of proximal and distal union depends probably on the arrangement during the last telophase, in which the proximal ends of all chromosomes come close together, while the position of the distal ends, due to the different length of the chromosomes and the less exact orientation, is more variable.
Thus the association of the chromosomal ends can hardly be assigned to any 'mechanical' or 'qualitative' factor. This question also is reserved for a future study. 
